2003/12/05 



LIGHT EMITTING ELEMENT AND METHOD OF MANUFACTURING THE SAME 



JP2003174197 
2003-06-20 

IKEDA SHUNICHI; YAMADA MASAHITO; NOTO NOBUHIKO; NOZAKI 
SHINJI; UCHIDA KAZUO; MORIZAKI HIROSHI 
SHIN ETSU HANDOTAI CO LTD;; NANOTECO CORP 

H01L33/00 



Patent number: 
Publication date: 
Inventor: 

Applicant: 
Classification: 

- International: 

- european: 

Application number: JP20020259396 20020904 
Priority number(s): 



Also published a 

■§3 US20030 5*917 2- 



Abstract of JP2003174197 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method for a light emitting element in which the contact 
resistance of an electrode is reduced by joining an ITO 
transparent electrode layer as the electrode for light emission 
drive via an electrode junction layer, and which is hardly 
influenced by the difference of a lattice constant from a light 
emitting layer at formation of an electrode junction layer. 
SOLUTION: A light emitting element 100 has the ITO 
transparent electrode layer 8 for applying light emission drive 
voltage to the light emitting layer 24, and the light from the 
light emitting layer 24 is taken out in such form that it 
transmits the very ITO transparent electrode layer 8. 
Moreover, between the light emitting layer 24 and the ITO 
transparent electrode layer 8, an electrode junction layer 8 
consisting of GaAs containing In is arranged such that it 
contacts with the very ITO transparent electrode layer. At the 
junction interface of the ITO transparent electrode layer 8, an 
area where the electrode junction layer 7 is made and an 
area where it is not made exist mixedly. The electrode 
junction layer 7 forms a GaAs layer 7 n on the light emitting 
layer, and it is made by diffusing In from the ITO transparent 
electrode layer 8 to the GaAs layer 7" by heat-treating a 
stack 13 where the ITO transparent electrode layer 8 is made 
to contact with the GaAs layer 7". 
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YJMcr&WZ&lgm&X'mo t%MiiiLtfX'Ztc<%& 

<r>x\ uftmttmt %z>xo izmmBf8.1t zz> 

mftm^nwfis&WL* wbfromxism L%mni% h 
mtit. &mmm<r>m&i>. mM&tnmizG 

j^i^v mmimfS.ztittw. mmzx r<r>& 
z±>mmzx *)mftj>focom$it&WiZimx'Z sa^ 

[0025] ztuztti,. i To-mm&mzm^&*% 

^rii. IT OSBjm® JS a«M9m(£X v >«8HSIkll*' 
^Jk^k*#*■r-i.^* <: 5^v\ L*»t. ITOSBjm^ 

ii^ffl^io. 3tJDiai^JSco®a(±^smsffifflii#k 
Jt®LT7ci|i(ciitinLTv^. -fdf. 01 3^SrTJ; 

VSS^JIk ^ 7 -yKS karate. ^ix^mS^ 
■S-Sk ^ 5 -y KSk^+ra^^^ 7/x*/K- 

^■rs+s^^ifA-rsk, s@if-^iik+raa. a 
[ o 02 6 ] iMi^mmzmm^-zz ttz x hwmt. 

^tln LfcGaAs k ^f&TS^tt^Jt^W 

^if^rA 1 Ga I n Pfc-C^SSP^^-rS^tcS 

W/NVH^^ yrx^^f-tr^r-t^'t'raakLT. * 
fls&WCti. AlGaAsI. Ga I nPlSl^A 1 Ga 
I n Pm ( A> H^f-v 771^^-^? 7 -y YMX 0 

o£^tft>^*-if®^S?ffl-r-l>c:k* J T'#. Mx.HA 1 
GaAsWSr-^OtiOkLT^-r^CLk^-C-^S. ± 
^, £iTJiW^%3feeg?. «i»f , I n x Ga y A 1 

, _ x _ y Nti-t>%&y7>i<'^TVffi3k<7)?£mmt l zi> 
mm*iWzX'$>&. z<r>*§&. *>\mmi*. mtai nGa 

A 1 NS (aVK^ 7n*W-4 f ?5 7 KSJ: 0 
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[ o o 2 7 ] mz. *w i mmtm z F<?m&-%m± . 

(Al x Ga 1 _ x ) y In 1 _ y P (fcfc'U O^x 
gl, OSySl ) tiO, S-ili^7-yKl. S 

&mRvm-mmm? ? v vmtfzcwmizxmmzti 
s*u m-mmm? ? v Ymm/wizMmm.? ? ••/ ks 

Wmfimzimx. 5Bfc/iSC±(3GaAs«5r. ISGa 

m&LLtzmz&sm.-?* ztizx*). i romBjimwm 

a A s J: 0 t t ZWSkt -t h . 

[0028] ±u*m}cDft*m*nni&imiz}i\,->x 

ti. A 1 Ga I n Pfrt,tch%zmU±.lZ. GaAsl 
•r^jfcU -5-OGaAs«tit-r^J;a^ITOjgBJ« 

©■srjBj£-r&. mmmmmi i i -v©^-^ 

^S^£SOco«#:fr&LTVvCt,,k^) 
GaAsJIi;i;t>fc. MiMWOVPEaCTI 
(£-£'£6. GaAsHtiA 1 Ga I n PfBtSgPisfg^ 
m^tfrntbT^Thl. I nGaAsSrlM&xtr^ 

[0029] -etT, -ecOGaAsa±^ITO^BB« 

mmmij^GaAsmizi nzmLZitxmmg'&mt 

~th. Z<DX?izmimLX'ftL>tl& I ntttLtzG 
aAsi 0^Tl»m©^iH±, I nttStf)§fflt%t> 

-*\ ^^m^t^m-^m^zxh. $&mm<&T%t' 
<r>&m%fc*mkmzmikthzttfX'Zh. GaAs 
mtftxm&tnfcmi^t. mmm* (a i x Ga 

! _ x ) y I n J _ y P (fcfc'U OSxgl, 0. 4 

( ? 7 v vmhz v^i?sttJi ) s-j&s-r & <r l 
[0030] ifeo^Biti. WMm^mcom z-zmz 

±5{t& I nWi&ftlStf. 01 6<7D(D(C^J: I T 

owftmMmfrhmttfoiz&zfrh iz^tim&mzm 

'}??hi*<r>b%Z>iLolz-rh (oiO. I nm&ftMz 

WiZtL 0 . I TOffl3a>^m»£JHI!K I n ^ffitSC^-tt 

[0031] ,I<0i§£\ *^O^fg-^(i. (A 1 x 
Ga, - x )y Ini_ y P (fcfc'U OSx^l, 0 
SySDCJtO. ai-SSSS? 7 -y K*. iS-H^Zil/ 



ttv-fix^wc, ^yise{;j^ia&aE5-6ffi!jirt 

mm^mtK miro^mmjmtm-rhmizxm^ 
ti. mm$-&mc?>&z-%fai l zin!& i nmrnmav. i 

«^-T.|>i>coi:$^?». Clixti. A 1 Ga I nPi")^ 
1 2rS"*-TS . Z.<OX otcl nfefeftftcomMm-SmZ 

tbhztifixt&m&z'k-fh. fmms.MtFm.iz-m 
< <o , ft & v ^±i*sQs^ra*^^-[t-r & t« it 

OSBHHSe*^<?) I nfefffc^m-itfrLT. 131 6 

^ o . $>h \,^im^ftmm£izmmmtefi, t . la 

[0032] n 1 6 kj^vc. msg-^-Ji 
nom*]iwmmb<7)m&i£miz}$ttz> i najg$r 

C A tL, ^fLtR^«!l^^3£^cfcttl> I nigjKSr 
C B i:L^i:|:. C B /C A *<0. 8VXTkZc&£.oiZ 

imth z t tmt l < . m&mco i nMW#^ 

B /C A Ai0. 8S:j@iSi:, I naS^ij^tiS 

^rfc. ^fi^-S<0@$*-|6l«0«jS^ ( I n%£ 

rLtctfh, ZXMXVWkWBi (Secondary Ion Mass 
Spectroscopy : SIMS) , ^mr&rtftfttt (A 

uger Electron Spectroscopy) . X&ytWrF-ftft (X-ra 
y Photoelectron Spectroscopy : XP S ) tc'£<r)Wi ! flP> 

[0033] tEBig^-Ji^ i To&Bjmmm t nmftis. 
mizavz i nmmit. into at^ttms^^-r 

§ I n<DlfK?}ttZX . 0. ltLhO. 6mTt$ixSi 

n mmtf o . 1 5S«t*4 1 . m^-^/icoifMgSL® 

«^m* t ^-H)-i:=5r , 5. 0. 6 fclgfig^Si: 

1Sg<Vt&tzL<%h. m%&m<?> I TOigBB 
«&S t ^9HKSflMC»ft« I n jgjg#. I ntGat 

*Lv^ffi(0. lJiLhO. 6tlT) $ril«T'^-S.Of* 
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t %ttm<om&35-wx'c?> i n m&c B #-tru t -> x ^ 

o£D. 01 7fc^-rj;9^. H^&^/KOI 
TOSB^mSJUfflt I n G a A s mtf&tiLZIX. RMfflS 
03WG a A s * t &&1f it £ T WC t M L£;t 

[0034] I Ifr^ilDS^X^ 

Ttss-fb-f yw^mxh o , i TosgBjwiSrG a a 

. 6 0 0-CJilh 7 5 0 ^mTtTtf =S: p.Ikfr'M 
£Ui. g«^&«#7 5 0X;2rj@;t.Si:GaAsJl^ 

o i n mimfetf*.* < * o-rr. +co i 

^S^'S-fk-rSCt^o^r*^. GaAsJl/v 

£7) i n cotsmmsiizm^-r t . ii^i t cos 

«#±f B<0 J: a D T f? S fc . I T Ocd®**< 

G a A s S^ffiii L-CStfb&*{Eit £ ft. *?«0iS5MttiS 

j&*BBBfc*< fcS 1 . I TOSBgSii<Ot^i^ 
*>;ioT&etS flfcti\ Mii&g#6 0 

0 *C*g|fc:^r 6 t , G a A s JI'vco I n co&Mm&tf'^ 

[ o o 3 5 ] 4fc . msmmmt. 5fwa± 1 2 o#w 
•TtaRjw* i fc jwb* u*. j»ivi5isift< 1 2 oswa 
mz. mm&mw±mmiz&\,ytgr&. g 

v^JRSSaiSH (M^.<f3 0 0S-mg4T') 
[00 36] 

[JHBOSWt<0»S8] JUT, *»»0Safe0»!B£»tt 

(iww>»!Bi > Hiii. *&*nv>-mw&mx'hzft 

1 0 0 tO±KS£iR*«AHT*&S . ffcBIH 1 1 
OOtt, nIGaAsm B .i« <«T. *fc««i:V* 
5) ltf)SI— ±SI±tnSGaAsA 7 7Tl2z'^ 

««2 40KI-±*IS«K:. m©&£/f fc LTOI nG 



a A s * 7 fc RftjftjStyra&JH k LX<7) I T OSHTO 

V^. ft*. a6«El<J5»~±*ffi«KU±. Au-Ge- 
N i ^^<D&JSS*»£&S^JI££fcrt:&ffl®EJI 1 
5*&1irfcjRft£*iX»*. 

[0037] I TOifSBJ!SffiB8li. fSflfS 

2 4<r>±mm<n±m*m.omzx : mm.zixx\->h. m 

mffig-£JI£: LTtOI nGaAsl7IJ, ^-f-< 

v lz<r>x.M1Rmz&tfLZ tiX^Z. K 
m-mmzt$^XI nGaAslTIl zn&f&mt&t 

im&Tmt&m&LK:mt*'>x^z. vt^x. i n 

G a A s m 7 ^NnAffiMzA V^Ttt I T OjgBJltt&fll 
[0038]ia2 ( a ) ~ ( c ) (C^-fJ: 3 lC> I nG 

a a s m 7 <m&mmt . i tosbote©s s cos^-# 

ttSSBtftJrO^— ffcL. nGaAsi7<0*» 

(a) J±I nGaAsJI70»jSfW«*lfaS«kLfc« 
T'S>0. (b) liKKUSttWI nGaAsS7^g« 

> mmm^m&mmt z$lE<,zb3i Lizmx-h 

§<otC. (c){±. (a) fctiiSfc. InGaAs 

tUZftW3&fS.LtimTb h. Z Z X-H I n G a A s JS 7 

[003 9] d:^ $tf£m&24\i., ( A l x Ga 
i - x ) y I n, - y Pig B B B t$ix-l»i:i:i>(c. in-* 
7 7H16> 5 x H« 4 . at«H- 

4. IftWCIl (A 1 x Ga, _ x ) y I 

n, _ y P (fcyt'L, OSxSO. 55. 0. 45Sy 
^0. 5 5) S B B B*^^:4^1±S5Sr. pI (Al x G 
a 1 _ x ) y In 1 _ y P?77 HM6knS,(Al x 
Ga, -,),In,- y P?5 7 F«4i:lCj;0^ 
Jt*^iti:'5r^TV%S. 0lcO5Bt«^ 1 0 OT'ti. IT 
OS^SJ18Wc:pSA 1 Ga I nP; 7 -/K16*>' 
WMZtlXti*). mffiW&mi SfBCnlA 1 Ga I n 
P?7-y Kil4*>lES$nTV^. fi!o-C. 3i€SttJ± 
ITO*5J«BB8«jWET»«. ^±5. ^^(Ctii 

fi£7><^-* (09i.tfl 0i 3-101 6/cm3§gJ 

[0040] ^rfc. mi<D?m.m : ? 1 ootcfcv^x. «■ 



• # 
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■ I nGaAsJf 7=JS$t :£>0. 0 0 5/xm 

• ITO£Bj^@Jf8=lI§ : 0. 2um, MmiS^ 
m : 7M&% : mt4 >WJ» ) ; 

• plA IGal nP ? ? v KJI6 = 1 nm ; 
•AlGaInPiStti5=0. 6um ; 

• nfA 1 G a I nP?77 KJI4 = 1 //m ; 
[0041] J2TF. 0 1 sOf&TtSi^ 1 0 OcoSB&fr&K 

OV%TlKHJ-r^. EltC^i-idC A 1 G a I 

n p s H a B k te^s-a-*- h \^m^wm&$k&mx-ih h 

G a A sf^SSSl <0gS-±SISi 1 ate. nIGaA 
sA.y7 T JI2£09;U;fO. 5txm. &\,^X\ $&tm& 
24bLX. ljum^nlAlGalnP??'^! 
4. 0. 6^mOAlGaInPgffl|(yyH-r) 
5. S.t/lxtm(?DpSA lGaInP?77 FJ16, $ 
^:inGaAs!7' (03 (a) ) JpSAlGa 
I nP?77 Ffli 6 Jbfc/PS 0 . 0 0 
*S"-wwft*£-it\ i3(a) <r>W&t-r&. Zixt>& 

=Sf S'-WHSJS (Metalorganic Vapor Phase Epitaxy : M 
OVPE) miCX O'ttoZttfX'ZZ. 
[0042] &WC\ 113 ( b ) Rlf ( c ) tZifr? X 0 
t,Z^ InGaAslV Izft L-&me>7 * MJ 

(a) ~ (c) ^^L^rid^rl nGaAs!7«I 

rfc&*>^M$»fc:Ufi£-$-i>. *flt«fc:tt. 113 

(b) iZtjk-tXolZl nGaAsJ17' Jifc::? * Fl^' 

a-fflV^TS^12:llSf ^T'7tM/y'XM3 

5 (a) fcjjcfj: InGaAsf7i'ML5:n 
^igfcl nGaAs!7' ^Slttii"i)«fc dtc^* M-^ 

*hm3oi,z'?x7s-i?-y£mif-?&. %<mt. mi 

nGaAsJI7* CO^iULX^^^^.-y^y^'L. 
? ib 1 7 1 M/y'X M 3 0 ^ i^-mtf . 05 (b) 
fcjfc-r J: a fc/^? ixfc I n G a A s « 7 

[0043] 03 (d) &t^06 tC^-f J: o 

PlA l Ga I nP?5'y FS6i InGaAsf7<0 

9-Y vYmL ( I n 2 0 3 =9 0. 2&4%, SnO 
2 =9. 8Mt%) % r f^M13. 5 6 MHz, A 
rffiftO. 6Pa, XVN'-y^mTJSOW) tC^O. IT 

omimmmazmiimzo. 2vmw&i,zx&m.-t 
h. fm^.mzmm^m<.'p3 o ox:- 5 0 o*c 

[0 044] 03 (e ) ^-tJ:5tc. fflglO 



%^m^v?'\,znm-%>m&mzxv ; T < 

F 1 6 SrlESL. ®il&iajgT'«®&*ffl<7>'<.-*>'.^ 
£*fc"y-£ fc tc J: 0 . 0 3 ( f ) iZTjk-tftm?^ x-vn 
5 0#*#£>il&. l33&7fcSH^x-/\5 0{i. #?Bfc3g 
^•yT^JiS£«rS*:tf>£04 (a) fcijS-f J: 3 6= 
v-v^ix. § ( b ) iznk-rx o izf-i 

^>ym<r>t\a^.^^x.'y^y^\,zji 9(&*L£f£. 

( c ) iZTjk-tXf^-J tyflzX *)W&trf-+v'r5 1 
MHtHIxt, * LT . ( d ) tc^rfj: 3 fc. 
SI 5 (03#!8O ^Ag^bf^tltt^-Xh 
£ffiVvc£^#£Mfc*:Sa^©9 aK@«-f 

4 >-^n' x F 1 6 b.mWG¥Vlk9 b ktirt:** 
hmmX'A u -^4 7 SrtfVx -f f^U ( e ) fc* 

-r i a fc«IB*-;> F 5 2 tiffitfrh z t (,z i. 0 ^Bt^ 

^Fl 0 0^t>ixS. 

[0045] ±IS^^1 00Olffi£tCil»k. In 
GaAsB7<O^tCj:0 I TO@BflS®18c0tgft4» 
tJt* r FA i 0 . 2 4 ^031««SES5JS^*[6]± LX 

imm.mft&ttzm.x'* h. $.tz . o aj La*-' 

^V^-««{C^V%T I nGaAsJI7c7)JlM«*Sfc^ 
^Ififfitth SftfiES** - 1 IZi. 0 x ^7fcJlg52 4 T£ 
t^3fe»il nGaAs®7SrSii!-rs^8Si:. 
mz&\,^X I nGaAsJ17&aiHl-ri.^Sk<^2aO 

1 nGaAs!7^®8t5lg<0MRS:4t4VW 

[0046] -U. < yfJ^y F 1 6 (i^TtSSC 

2 4*»^03K<9*aWi»*:aMW-*fcft, SBfc«& 2 4 fc: 
fcv»T^>-x-f y^<7 F 1 6«0ttTfS«, OS OtKIX 

0 ai L&m^m-mmizmmmsitfm* 

b. tsLZ. #>ir4 F 1 e^ifHOTtlXOaj 

Il^Mff 1 0 0fci3V^TJ±« sKi^T ^ ^^'-y F 

1 6cOttT««^fcV%T I nGaAs!7^f^W:# 

Mfcnctt. zcrmmx'itiTo&wwm&n 

I T OSHWI 8 * it LT^BtaSC 2 4 tiZ> 

nmi. ^MotHLm^^m-^m^^Lxmi 
o m L&tf&^m-mmz&ftfiMz-ftmzti, 
m*-&#>z>ztifix'*z>. 

[0047] itz^ pIA lGaInP^77F16« 
^ffi^ITOgB^mfEilSJcAOS^T^i?. 1(731 

TosBBm®S8Sr^LTiE»mff*<epjDSiis. mm 
nKizxzmrnms&mm&nBkn* i tosbbs©i 

8J4. ^F^>yr«tJttm9EVM nGaAsi7t 



• 



(?1 0))03-174197 (P2003-.1 7ZJL8 



[0048] $ £> fc. CEJKOIBISRTO «fc ^ Sr^lES 
BJHEffJI) t5&tW*X'<D$m**!6£lzm<X'ZZ. z 

mmimmm ( i rommmwas ) tziZ^Mo? y -* 

Kfl/SttJBWB ( ITOaiB«(Bi83&»4>*ntfpffi 
[004 9] Srfc, mS^JlT*$)^ I nGaAsJ17 

m%*v-j-<yhc?)m}Mz£y). ztitm-t&&? 

y y HJS6 fc -J-ii-eixlBl tigmMSr^Pf 5 fc cot LXB 
JftLTfciV^ I nGaAs^7S-±E£Oj:o^S 

(SK-rS 1 0* ^ ffi/ C m3 ; $>&Wi 

JVY-TM (1013 i/cm3-l 01 6 i/cm 
3 ) ) fcLT»fi£LTtiS?iJffitn;<03aSoiijD2-*S*^ 

0*Di««»fc»LT. «H££JItf)JIJP:fr[6)fc:EP;!JllS 
ft£tg# (-f3r;b*>. #{&reK3fc l 3tf>*EE> ^ffiWW 

<OJtlSW/h$VM nGaAsKiOJ&SLTiKi:. ± 

[ 0 0 5 0 ] =5:33 . 01 (c*5 WCtiftlX 0 tti tfi*^ 

I nGaAse7^#»§itTV^*>\ WFfBitS^O 

-mmzl> I nGaAsi7^MtS^tm5. 
<r«0i§£\ I nGaAsB7£0^£^ig<0Mm$a>\ 3t 
K 0 SB LStf^^SS^igKfct vt^IX 0 ft 

[0051] ^fc, I nGaAsJ!7c9JI*£^MN 
$<T'#S^-. fc&V^il nGaAs&i'h^ifiJKtf) 



mmm-sm (it-m nGaA S ;i7) t^os-pid 
sji t mtt i»ams^ 6 o w^^x^ic j: o . * > 

^tJV>Tli. I T03SHJS®i8<7)^:WC I nGaA 
s M 7*>#j£««£#»3-£4 - fc t. . 
[00 52] ifc, 01<D?£fcfiH 1 l OOdiSWCii, 
VftV^T oflfift £ >5:-rfg3ftIg& 2 4 tf)#JI HlGa 

77KI) 2rA 1 Ga I nNig B B B ^J: Ktffi&thZtl.Z 

m : FiookmmizMovpEmzj:K)Bm2ti&. t 
•&&MH±±smm&mx'i±M.-mk lxb&lx^ 

[0053]=5Nfc. InGaAsltAlGalnPI 

tm&zti. ztuzmm Lxi&mwamtttfWJctzm 
^$>0 3s. zzx\ ztizi&m-&mmx\ 010 

tc^-f i 9 I TOjaWtffiUS fc«W4«flH»^«7 
k . A 1 G a I n P 9 9 y KS6 tOPalt. M^O+H 
O^Wt •yTx^;^-$riS-r44»rail 1 1 £*$A 
■^ftikJ^T* - *. 4>SS1 l(i. «i»A 1 GaA 
s.Gal nPMA 1 Ga I n P<0^< kt> l^>Sr 

AlGaAsJSkUTffi^T^S. C^jtSr^ffl-r?. 

T(0. 0 lAtmiJLh: ^fUjUi^<^4i: . *)V9<?> 

t***MnWl. lA^T(i±*ttc7)[6j±Sr04^i: 
^T-^ . * RVWft£(c «fc SfiyiJStitO^ fe ^=5r < X'% 
htzfr. ^.mm^Wj:hix\z<\^ *%®Hzt5\,*X 

it. %Mftwmiz&f8.zti*i i Tomw®&m8<7)-& 
mt$n*tznm&m i lx& o . ^mw,<om 
<r>m^mmitztt^mmm^m i (W«tfe^ts 
mmz-m< srsfiwicfc* . 1 1 . 1 1 a i 

GaInP?77 KS6k^HtC^$ft4A.xn^|fi 
*>*Sv%i: , «8SH4><Dl$«fc: «t 0 . Bti^l 7 1 A 
1 Ga I nP?77 H®6kO«^S5rat^-r4^(0 

IT0»Hj|«OT8O£ffifc#jft-*-i**J:9<>. 41H 
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[0054]^. *mmi jpsa*r</jNSv** 
raw i i 7 comfmmzcrtx-m&t-th z t 

tT'£. +iaai l£J:*#«JDW>i«£J:'J/jN$<-r 
S£i:#T*S. M$£-Jf 7fc4-faJf 1 1 

7 1 4>H/i 1 1 b £ RUSfcuc yfy/UtJ: 

xmmx-z mta. mm^m7t: i n 

£#WL.*rGaAsfcT8lj£-f&*&3\ 4»IBWll£A 
1 GaAstC-C^L-TfcWf. Ty^-TViSStffc* 

Mb \^XW®8&mi<?)*-*W8&-v1rV?-$-hlLbtf 
X'%h. 

coo55] mm<mm2 > sos^s 1 nnmw-^ 

SiiM O V P E^T^jft UdnGaAs JST* o £ 

t>wc&*. -r^*>. 05 (b) tamuTRw 

|>t. I nGaAsS7£tt;iTGaAsJl7" Sr. PI 

mzj*?-->?i,fzmx'm®.i.. mebnmziTo 
mwmmm8ZBf&vxmi 4omm#'7x-^i 3 1 

[00 56] *LT. 01 5tZ^t£ol,z. CKDWSft 

&£>VMiAr^;FvS14#X#H£v* let. 6 0 O'CW 
±7 5 OOTF (#«*.<£ 7 0 0-C) C0(giat\ 58*:LL 
1 2 OWXf 3 Of*) 

1\ dftfc«fct?\ I T02BBm©18*^GaAsg 
7" (c I n^SSUcL. I n£-frttLfcGaAsJ:9&& 

WBStemnmbti*. i&sm&mm. 016© 

mm&, I nfcGafcO-£ftt§tKK2rrS I n<7)m^it 
IZX. 0. im±0. 6V.TbZtl&. ifc, I njgg 

ti, i Tommmmma^m zxmz&zfr&iz^tiM 
wtmzm-th ^(DbKixti*), it oigBjm&ji 8 

(01 ) fcO**#ift»tefclt4 I ni§g£C A b U 



ZH.b%ttWV>mR&m (oiO. ^7-yH16 (0 
1 ) fc<0#3r??-iS<$) £*>(t& I njgJg£C B i: Lfci: 
C B /C A #0. SOTfc^SJ^CtE^ixTV-* 
7 <OJf St tt. 0. OOl^mfcLLO. 

0 2jumOT (M^L<{iO. 0 0 5jum£U:0. 0 1 
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Abstract 

The light-emitting device 100 has an ITO electrode layer 8 for applying drive voltage for light 
emission to a light emitting layer section 24, where the light from the light emitting layer section 
24 is extracted as being passed through the ITO electrode layer 8. Between the light emitting 
layer section 24 and the ITO electrode layer 8, an electrode contact layer 7 composed of In- 
containing GaAs is located so as to contact with such ITO electrode layer 8, where occupied 
areas and unoccupied areas for the electrode contact layer 7 are arranged in a mixed manner on 
the contact interface with the transparent electrode layer 8. The electrode contact layer 7 can 
be obtained by annealing a stack 13, which comprises a GaAs layer 7" formed on the light 
emitting layer section 24 and the ITO electrode layer 8 formed so as to contact with the GaAs 
layer 7", to thereby allow In to diffuse from the ITO electrode layer to the GaAs layer 7". 
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Claims 



What is claimed is: 

1. A light-emitting device having a light emitting layer section which comprises a compound 
semiconductor layer, and an oxide transparent electrode layer for applying drive voltage for light 
emission to the light emitting layer section, which device being composed so that the light from 
the light emitting layer section can be extracted through the oxide transparent electrode layer, 
wherein an electrode contact layer for reducing contact resistance of the oxide transparent 
electrode layer is arranged between the light emitting layer section and the oxide transparent 
electrode layer so as to contact with such oxide transparent electrode layer, where on a 
contacting interface of such oxide transparent electrode layer, occupied areas and unoccupied 
areas for the electrode contact layer are arranged in a mixed manner. 

2. The light-emitting device according to claim 1 , wherein the electrode contact layer comprises 
a compound semiconductor. 

3. The light-emitting device according to claim 1, wherein the contacting interface of the oxide 
transparent electrode layer has a first zone which comprises an area just under a bonding pad 
placed on such oxide transparent electrode layer and a second zone which comprises the 
residual area therearound, where the second zone is larger in the amount of extracted light than 
the first zone, and the electrode contact layer is formed with a larger ratio of occupied area in 
the secpnd zone than in the first zone. 

4. The light-emitting device according to claim 3, wherein the first zone has formed therein no 
electrode contact layer. 

5. The light-emitting device according to claim 3, wherein at least the second zone has formed 
therein the occupied areas and unoccupied areas for the electrode contact layer arranged in a 
mixed manner. 

6. A light-emitting device having a light emitting layer section which comprises a compound 
semiconductor layer, and an oxide transparent electrode layer for applying drive voltage for light 
emission to the light emitting layer section, which device being composed so that the light from 
the light emitting layer section can be extracted through the oxide transparent electrode layer, 
wherein an electrode contact layer, composed of a compound semiconductor, for reducing 
contact resistance of the oxide transparent electrode layer is arranged between the light 
emitting layer section and the oxide transparent electrode layer so as to contact with such oxide 
transparent electrode layer; the contacting interface of the oxide transparent electrode layer has 
a first zone which comprises an area just under bonding pads and a second zone which 
comprises the residual area, where the second zone is larger in the amount of extracted light 
than the first zone; and at least the second zone has formed therein the occupied areas and 
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unoccupied areas for the electrode contact layer arranged in a mixed manner. 

7. The light-emitting device according to claim 5, wherein the occupied areas for the electrode 
contact layer are formed in a discrete manner in the second zone. 

8. The light-emitting device according to claim 6, wherein the occupied areas for the electrode 
contact layer are formed in a discrete manner in the second zone. 

9. The light-emitting device according to claim 1, wherein the electrode contact layer comprises 
a compound semiconductor containing no aluminum at the contacting interface with the oxide 
transparent electrode layer, and having a band gap energy of less than 1.42 eV. 

10. The light-emitting device according to claim 6, wherein the electrode contact layer 
comprises a compound semiconductor containing no aluminum at the contacting interface with 
the oxide transparent electrode layer, and having a band gap energy of less than 1.42 eV. 

11. The light-emitting device according to claim 9, wherein the compound semiconductor 
composing the electrode contact layer is expressed as In.sub.xGa.sub.1-xAs (0<x.ltoreq.1) at the 
contacting interface with the oxide transparent electrode layer. 

12. The light-emitting device according to claim 10, wherein the compound semiconductor 
composing the electrode contact layer is expressed as In.sub.xGa.sub.1-xAs (0<x.ltoreq.1) at the 
contacting interface with the oxide transparent electrode layer. 

13. The light-emitting device according to claim 1, wherein the oxide transparent electrode layer 
is an oxide electrode layer containing at least any one of indium, tin and zinc. 

14. The light-emitting device according to claim 6, wherein the oxide transparent electrode layer 
is an oxide electrode layer containing at least any one of indium, tin and zinc. 

15. The light-emitting device according to claim 1, wherein the thickness of the electrode 
contact layer is adjusted within a range from 0.001 .mu.m to 0.02 .mu.m. 

16. The light-emitting device according to claim 6, wherein the thickness of the electrode 
contact layer is adjusted within a range from 0.001 .mu.m to 0.02 .mu.m. 

17. The light-emitting device according to claim 1, wherein the light emitting layer section is 
composed of (Al.sub.xGa.sub.1-x).sub.yIn.sub.1— yP (where O.ltoreq.x.ltoreq.1 and 
O.ltoreq.y.ltoreq.1) or In.sub.xGa.sub.yAl.sub.1-x-yN (where O.ltoreq.x.ltoreq.1, O.ltoreq.y.ltoreq.1 
and x+y.ltoreq.1). 

18. The light-emitting device according to claim 6, wherein the light emitting layer section is 
composed of (Al.sub.xGa.sub.1-x).sub.yIn.sub.1 — yP (where O.ltoreq.x.ltoreq.1 and 
O.ltoreq.y.ltoreq.1) or In.sub.xGa.sub.yAl.sub.1-x-yN (where O.ltoreq.x.ltoreq.1, O.ltoreq.y.ltoreq.1 
and x+y.ltoreq.1). 

19. The light-emitting device according to claim 17, wherein the light emitting layer section has a 
double heterostructure which comprises a first conductivity type cladding layer, an active layer 
and a second conductivity type cladding layer stacked in this order, which layers being 
respectively composed of the above-described (Al.sub.xGa.sub.1-x).sub.yIn.sub.1-yP or 
In.sub.xGa.sub.yAl.sub.1-x-yN, and the electrode contact layer is formed between the oxide 
transparent electrode layer and at least either of the first conductivity type cladding layer and 
second conductivity type e cladding layer. 
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20. The light-emitting device according to claim 18, wherein the light emitting layer section has a 
double heterostructure which comprises a first conductivity type cladding layer, an active layer 
and a second conductivity type cladding layer stacked in this order, which layers being 
respectively composed of the above-described (Al.sub.xGa.sub.1-x).sub.yIn.sub.1-yP or 
In.sub.xGa.sub.yAl.sub.1-x-yN, and the electrode contact layer is formed between the oxide 
transparent electrode layer and at least either of the first conductivity type cladding layer and 
second conductivity type cladding layer. 

21. The light-emitting device according to claim 19, wherein an intermediate layer is formed 
between the electrode contact layer and either of the cladding layers facing to the electrode 
contact layer, which is selected from the first conductivity type cladding layer and the second 
conductivity type cladding layer, the intermediate layer having an intermediate band gap energy 
between those of the electrode contact layer and such cladding layer. 

22. The light-emitting device according to claim 20, wherein an intermediate layer is formed 
between the electrode contact layer and either of the cladding layers facing to the electrode 
contact layer, which is selected from the first conductivity type cladding layer and the second 
conductivity type cladding layer, the intermediate layer having an intermediate band gap energy 
between those of the electrode contact layer and such cladding layer. 



23. The light-emitting device according to claim 21 , wherein the light emitting layer section is 
composed of (Al.sub.xGa.sub.1-x).sub.yIn.sub.1 — yP (where O.ltoreq.x.ltoreq.1 and 
O.ltoreq.y.ltoreq.1), and the intermediate layer is formed as including at least one of AIGaAs layer, 
GalnP layer and AIGalnP layer. 

24. The light-emitting device according to claim 22, wherein the light emitting layer section is 
composed of (Al.sub.xGa.sub.1-x).sub.yIn.sub.1 — yP (where O.ltoreq.x.ltoreq.1 and 
O.ltoreq.y.ltoreq.1), and the intermediate layer is formed as including at least one of AIGaAs layer, 
GalnP layer and AIGalnP layer. 

25. The light-emitting device according to claim 19, wherein the light emitting layer section is 
composed of (Al.sub.xGa.sub.1-x).sub.yIn.sub.1 — yP (where O.ltoreq.x.ltoreq.1 and 
O.ltoreq.y.ltoreq.1) as having a double heterostructure which comprises the first conductivity 
type cladding layer, the active layer and the second conductivity type cladding layer stacked in 
this order, an ITO electrode layer is provided as the oxide transparent electrode on either side of 
the first conductivity type cladding layer and the second conductivity type cladding layer so that 
the light from the light emitting layer section can be extracted through such ITO electrode layer, 
and the electrode contact layer composed of In-containing GaAs is formed so as to contact with 
such ITO electrode layer, and the electrode contact layer has a distribution of the In 
concentration along the thickness-wise direction thereof such that continuously decreasing as 
the distance from the ITO electrode layer increases. 



26. The light-emitting device according to claim 20, wherein the light emitting layer section is 
composed of (Al.sub.xGa.sub.1-x).sub.yIn.sub.1 — yP (where O.ltoreq.x.ltoreq.1 and 
O.ltoreq.y.ltoreq.1) as having a double heterostructure which comprises the first conductivity 
type cladding layer, the active layer and the second conductivity type cladding layer stacked in 
this order, an ITO electrode layer is provided as the oxide transparent electrode on either side of 
the first conductivity type cladding layer and the second conductivity type cladding layer so that 
the light from the light emitting layer section can be extracted through such ITO electrode layer, 
and the electrode contact layer composed of In-containing GaAs is formed so as to contact with 
such ITO electrode layer, and the electrode contact layer has a distribution of the In 
concentration along the thickness-wise direction thereof such that continuously decreasing as 
the distance from the ITO electrode layer increases. 
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27. The light-emitting device according to claim 25, wherein the electrode contact layer has a 
value of C.sub.B/C.sub.A of 0.8 or below, assuming C.sub.A as the In concentration in the 
vicinity of the interface with the ITO electrode layer, and C.sub.B as the In concentratioin the 
vicinity of the interface opposite thereto. 

28. The light-emitting device according to claim 26, wherein the electrode contact layer has a 
value of C.sub.B/C.sub.A of 0.8 or below, assuming C.sub.A as the In concentration in the 
vicinity of the interface with the ITO electrode layer, and C.sub.B as the In concentratioin the 
vicinity of the interface opposite thereto. 

29. The light-emitting device according to claim 25, wherein the electrode contact layer has an 
In concentration in the vicinity of the interface with the ITO electrode layer, as being expressed 
by an atomic ratio of the In concentration to the total concentration of In and Ga, of 0.1 to 0.6. 

30. The light-emitting device according to claim 26, wherein the electrode contact layer has an 
In concentration in the vicinity of the interface with the ITO electrode layer, as being expressed 
by an atomic ratio of the In concentration to the total concentration of In and Ga. of 0.1 to 0.6. 

31. The light-emitting device according to claim 27, wherein the electrode contact layer has an 
In concentration in the vicinity of the interface with the ITO electrode layer, as being expressed 
by an atomic ratio of the In concentration to the total concentration of In and Ga, of 0.1 to 0.6. 

32. The light-emitting device according to claim 28, wherein the electrode contact layer has an 
In concentration in the vicinity of the interface with the ITO electrode layer, as being expressed 
by an atomic ratio of the In concentration to the total concentration of In and Ga, of 0.1 to 0.6. 

33. A method for manufacturing light-emitting device having a light emitting layer section which 
is composed of (Al.sub.xGa.sub.l-x).sub.yln.- sub.1-yP (where O.ltoreq.x.ltoreq.1 and 
O.ltoreq.y.ltoreq.1) as having a double hete restructure which comprises a first conductivity type 
cladding layer, an active layer and a second conductivity type cladding layer stacked in this 
order; and having an ITO electrode layer for applying drive voltage for light emission to such light 
emitting layer section provided on either side of the first conductivity type cladding layer and the 
second conductivity type cladding layer, comprising the steps of: forming a GaAs layer on the 
light emitting layer section so that occupied areas and unoccupied areas for the GaAs layer are 
arranged in a mixed manner; forming the ITO transparent conductive layer so as to contact with 
the GaAs layer; and annealing the ITO electrode layer so as to allow In contained therein to 
diffuse into the GaAs layer to thereby convert such GaAs layer into an In-containing electrode 
contact layer. 

34. The method for manufacturing light-emitting device according to claim 33, wherein the 
annealing is carried out so that the electrode contact layer will have a distribution of the In 
concentration along the thickness-wise direction thereof such that continuously decreasing as 
the distance from the ITO electrode layer increases. 

35. The method for manufacturing light-emitting device according to claim 33, wherein the 
annealing is carried out so that the electrode contact layer will have a values of CB/C.sub.A of 
0.8 or below, assuming C.sub.A as the In concentration in the vicinity of the interface with the 
ITO electrode layer, and C.sub.B as that in the vicinity of the interface opposite thereto. 

36. The method for manufacturing light-emitting device according to any one of claim 33, 
wherein the annealing is carried out so that the electrode contact layer will have an In 
concentration in the vicinity of the interface with the ITO electrode layer, as being expressed by 
an atomic ratio of the In concentration to the total concentration of In and Ga, of 0.1 to 0.6. 
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37. The method for manufacturing light-emitting device according to claim 33, wherein the 
annealing is carried out within a temperature range from 600 to 750.degree. C. 

38. The method for manufacturing light-emitting device according to claim 33, wherein the 
annealing is carried out within a duration of time from 5 to 120 seconds. 

Description 



RELATED APPLICATIONS 

[0001] This application claims the priority of Japanese Patent Applications No. 2001-297927 
filed on Sep. 27, 2001 and No. 2002-259396 filed on Sep. 4, 2002, which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 
[0002] 1. Field of the Invention 

[0003] The present invention relates to a light-emitting device and a method for manufacturing 
thereof. 

[0004] 2. Related Art 

[0005] A light-emitting device whose light emitting layer section is composed of 
(Al.sub.xGa.sub^1-x).sub.yIn.sub.1-yP alloy (where O.ltoreq.x.ltoreq.1 and O.ltoreq.y.ltoreq.1 . which 
may simply be expressed as AIGalnP alloy, or more simply as AIGalnP, hereinafter) can be 
provided as a high-luminance device when it employs a double hete restructure in which a thin 
AIGalnP active layer is placed between an n-type AIGalnP cladding layer and a p-type AIGalnP 
cladding layer, both of which having a larger band gap than that of the AIGalnP active layer. 
Recent efforts have also succeeded in putting a blue light-emitting device into practical use, 
which device having formed therein a similar double heterostructure using 
In.sub.xGa.sub.yAl.sub.1-x-yN (where O.ltoreq.x.ltoreq.1, O.ltoreq.y.ltoreq.1 and x+y.ltoreq.1). 

[0006] Referring now to an AIGalnP light-emitting device, a light emitting layer section thereof 
having the double heterostructure is formed by stacking an n-type GaAs buffer layer, an n-type 
AIGalnP cladding layer, an AIGalnP active layer and a p-type AIGalnP cladding layer, all of which 
layers are grown in this order on an n-type GaAs substrate by hetero epitaxial growth process. 
Current supply to the light emitting layer section is effected through metal electrodes formed on 
the surface of the device. The metal electrodes are typically formed so as to cover only a center 
portion of the main surface of the light emitting layer section since it can otherwise serve as a 
light interceptor, which allows the light to be extracted from the peripheral area having no 
electrode formed therein. 

[0007] An area of the metal electrode as small as possible in this case can ensure a larger area 
for light leakage around the electrode, which is advantageous in that improving the light 
extraction efficiency. Previous efforts have been made in increasing the amount of extracted 
light by modifying shape of the electrode so as to effectively spread electric current throughout 
the device. This strategy is, however, still suffering from an inevitable problem of increasing area 
of the electrode, which raises a dilemma such that decreased area for light leakage undesirably 
limits the amount of extracted light There is now another proposal of raising the light extraction 
efficiency by covering the main surface of the light emitting layer section with an ITO (indium tin 
oxide) electrode layer having a high conductivity in place of using the metal electrodes, which is 
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typically disclosed in Japanese Laid-Open Patent Publication No. 6-188455 or No. 1-225178. 

[0008] Investigations by the present inventors, however, revealed that contact resistance with a 
compound semiconductor layer on the device side tends to become high by using the ITO-made 
transparent electrode layer as it is, which inevitably degrades the emission efficiency due to 
increase in series resistance/One typical method to reduce contact resistance is proposed in 
Japanese Laid-Open Patent Publication No. 1-225178, according to which an electrode contact 
layer composed of an InGaAs layer is provided between the ITO electrode layer and a 
semiconductor layer on the device side so as to be corresponded to the entire surface of the 
ITO electrode layer. It is, however, essential for this case that the electrode contact layer is 
made of InGaAs or the like having a low band gap energy in order to ensure ohmic contact, so 
that even an extremely small thickness thereof will inevitably result in degradation in the light 
extraction efficiency due to absorption of the light. Even for the case where the transparent 
electrode is used, a problem will still remain in a phase of manufacturing devices in that a metal, 
bonding pad to which a wire for current supply is bonded must be arranged on the transparent 
electrode. This, however, tends to concentrate drive voltage to the areas where the highly- 
conductive metal bonding pad is formed, and tends to lower the light extraction efficiency due to 
poor current supply in the area around the pad, which serves as a light extraction area, so that it 
may not be always sure that using the transparent electrode promises effects to a sufficient 
degree. 

SUMMARY OF THE INVENTION 

[0009] Accordingly, the present invention is to provide a light-emitting device having an oxide 
transparent electrode layer as an electrode for driving light emission, and being capable of 
enhancing effect of improving the light extraction efficiency exhibited by such oxide transparent 
electrode layer, and also is to provide a method for manufacturing such light-emitting device. 

[0010] The light-emitting device of the present invention premises that it has a light emitting 
layer section which comprises a compound semiconductor layer, and an oxide transparent 
electrode layer for applying drive voltage for light emission to the light emitting layer section, and 
that it is composed so that the light from the light emitting layer section can be extracted 
through the oxide transparent electrode layer, where a feature of the device resides in that an 
electrode contact layer for reducing contact resistance of the oxide transparent electrode layer 
is arranged between the light emitting layer section and the oxide transparent electrode layer so 
as to contact with such oxide transparent electrode layer, where on a contacting interface of 
such oxide transparent electrode layer, occupied areas and unoccupied areas for the electrode 
contact layer are arranged in a mixed manner. The electrode contact layer preferably comprises 
a compound semiconductor. 

[001 1] As has been described in the above, an oxide transparent electrode layer typically 
composed of ITO cannot always ensure a desirable ohmic contact even though a trial is made on 
bringing such layer into direct contact with a compound semiconductor layer on the device side, 
which may result in degraded emission efficiency due to increased series resistance based on 
the contact resistance. Whereas, the light-emitting device of the present invention is successful 
in reducing contact resistance of the oxide transparent electrode layer by placing the electrode 
contact layer for reducing contact resistance of the oxide transparent electrode layer so as to 
be brought into contact with the device side of such oxide transparent electrode layer. Further, 
the occupied areas and unoccupied areas for the electrode contact layer are arranged in a mixed 
manner on the contacting interface of the oxide transparent electrode layer, so that the light 
absorption by the electrode contact layer can successfully be reduced even when such 
electrode contact layer is, by nature,. very likely to absorb the light from the light emitting layer 
section, since the light generated just under the occupied area for the electrode contact layer 
can leak through the non-occupied area adjacent thereto. Such formation of the electrode 
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contact layer can successfully raise the light extraction efficiency of the device as a whole. 

[0012] The electrode contact layer formed so as to cover the entire portion of the contact plane 
on the device side of the oxide transparent electrode layer will, however, result in the problems 
below: 

[0013] (1) contact resistance of the oxide transparent electrode layer is reduced even in an area 
just under the bonding pad used for wire bonding, but this undesirably tends to concentrate the 
drive current, and consequently light emission, within such area, where much portion of the 
emitted light is shielded by the bonding pad and thus light extraction efficiency will be degraded; 
and 

[0014] (2) the electrode contact layer may serve as a light absorber depending on material 
species of compound semiconductor used therefor, which will similarly result in degradation of 
the light extraction efficiency. 

[0015] To solve these problems, a feature of the light-emitting device according to a first aspect 
of the present invention resides in that the contacting interface of the oxide transparent 
electrode layer has a first zone which comprises an area just under a bonding pad placed on 
such oxide transparent electrode layer and a second zone which comprises the residual area 
therearound, where the second zone is larger in the amount of extracted light than the first 
zone, and the electrode contact layer is formed with a larger ratio of occupied area in the 
second zone than in the first zone. 

[0016] According to such constitution, ratio of occupied area of the electrode contact layer 
formed on the contacting interface of the oxide transparent electrode layer is smaller in the area 
(first zone) just under the bonding pad, which extracts a less amount of light, than in the residual 
area (second zone) which extracts a larger amount of extracted light, so that the first zone will 
have an increased contact resistance of the oxide transparent electrode layer. This resultantly 
increases a component of the drive current for the light-emitting device, which flows into the 
second zone while bypassing the first zone, and successfully enhances the light extraction 
efficiency to a significant degree. It is now preferable in view of increasing the light extraction 
efficiency that the drive current for light emission does not, as possible, flow through the first 
zone which extracts a less amount of light. It is therefore preferable that the first zone has 
formed therein no electrode contact layer as possible. It is also preferable that the occupied 
areas and unoccupied areas for the electrode contact layer are arranged in a mixed manner at 
least in the second zone in the contacting interface of the oxide transparent electrode, which 
second zone extracts larger amount of light. 

[0017] The light-emitting device according to a second aspect of the present invention premises 
that it has a light emitting layer section which comprises a compound semiconductor layer and 
an oxide transparent electrode layer for applying drive voltage for light emission to the light 
emitting layer section, and that the device is composed so that the light from the light emitting 
layer section can be extracted through the oxide transparent electrode layer, where a feature of 
the device resides in that an electrode contact layer, composed of a compound semiconductor, 
for reducing contact resistance of the oxide transparent electrode layer is arranged between the 
light emitting iayer section and the oxide transparent electrode layer so as to contact with such 
oxide transparent electrode layer; the contacting interface of the oxide transparent electrode 
layer has a first zone which comprises an area just under bonding pads and a second zone which 
comprises the residual area, where the second zone is larger in the amount of extracted light 
than the first zone; and at least the second zone has formed therein the occupied areas and 
unoccupied areas for the electrode contact layer arranged in a mixed manner. The occupied 
areas for the electrode contact layer are preferable to be formed in a discrete manner. 
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[0018] According to such constitution, even if the electrode contact layer formed in order to 
reduce contact resistance of the oxide transparent electrode layer is very likely to absorb the 
light from the light emitting layer section, the light generated just under the occupied area for 
the electrode contact layer can leak through the adjacent non-occupied area, so that light 
absorption by the electrode contact layer is avoidable. This desirably enhances of the light 
extraction efficiency of the device as a whole. 

[0019] Next discussion relates to the electrode contact layer, which electrode is excellent in 
reducing effect of contact resistance of the oxide transparent electrode layer and is preferably 
applicable to the present invention when it is composed of a compound semiconductor 
containing no Al at the contacting interface with the oxide transparent electrode layer and 
having a band gap energy of less than 1 .42 eV. Possible reasons why the contact resistance of 
the oxide transparent electrode layer can be reduced by using such electrode contact layer are 
as follows: 

[0020] (1) the oxide transparent electrode layer of a conventional light-emitting device for 
example was formed so as to be brought into contact with an AIGaAs current spreading layer, 
where AlAs alloy composition had to be considerably high in order to ensure a sufficient level of 
transparency of such current spreading layer. The AIGaAs alloy having a large AlAs alloy 
composition is, however, very likely to be oxidized since it contains Al in a high concentration, so 
that formation of the oxide transparent electrode layer allows oxygen contained therein to react 
with the Al component in the AIGaAs current spreading layer to thereby form an oxide layer 
having a high resistivity; and 

[0021] (2) the AIGaAs alloy having a large AlAs alloy composition generally used for the current 
spreading layer has, although variable with the alloy composition, a band gap energy of as high as 
2.02 to 2.13 eV, which is disadvantageous in that achieving ohmic contact or a low-resistivity 
contact nearly equivalent thereto (typically 10.sup -4 .OMEGA..multidot.cm or below; these 
statuses of contact will generally be expressed as having ohmic contact status hereinafter). A 
problem similar to the case with AIGaAs may arise also when the oxide transparent electrode 
layer is directly stacked on the AIGalnP cladding layer without using the AIGaAs layer, since the 
band gap energy thereof is as high as 2.3 to 2.35 eV and Al is contained therein. 

[0022] However by composing the electrode contact layer as described in the above at the 
contacting interface with the oxide transparent electrode layer; ohmic contact can readily be 
attained since the high-resistivity oxide layer is unlikely to be formed due to absence of Al in the 
contacting interface with the electrode contact layer, and since the band gap energy is small 
(less than 1.42 eV; which is typically 0.75 eV for In.sub.0.5Ga.sub.0.5As). This is successful in 
reducing contact resistance of the transparent electrode layer to a considerable degree. The 
compound semiconductor composing the electrode contact layer at the contacting interface with 
the oxide transparent electrode layer can more specifically be expressed as In.sub.xGa.sub.1-xAs 
(0<x.ltoreq.1). 

[0023] Materials composing the oxide transparent electrode layer can be those mainly 
comprising tin oxide (SnO.sub.2) or indium oxide (In.sub.20.sub.3). More specifically, ITO film 
having a high electric conductivity is preferably used for the oxide transparent electrode layer in 
the present invention. ITO film is an indium oxide film doped with tin oxide, where controlling the 
content of tin oxide within a range from 1 to 9 wt % can sufficiently suppress the resistivity of 
the electrode layer to as low as 5.times.10.sup -4 .OMEGA..multidot.cm or less. Besides the ITO 
electrode layer, zinc oxide (ZnO) again having a high electric conductiyity is applicable to the 
present invention. Still other materials available for the oxide transparent electrode layer include 
tin oxide doped with antimony oxide (so-called Nesa), Cd.sub.2Sn0.sub.4, Zn.sub.2Sn0.sub.4, 
ZnSnO.sub.3, Mgln.sub.20.sub.4, CdSb.sub.20.sub.6 doped with yttrium (Y) oxide, and 
GaInO.sub.3 doped with tin oxide. In short, the oxide transparent electrode layer can contain at 
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least any one of indium, tin and zinc. 

[0024] These oxide transparent electrode layers can be formed by known vapor phase film 
growth processes, examples of which include chemical vapor deposition process (CVD); physical 
vapor deposition (PVD) processes such as sputtering and vacuum evaporation; and molecular 
beam epitaxy (MBE) process. For example, ITO electrode layer and ZnO electrode layer can be 
produced by RF sputtering or vacuum evaporation, and Nesa film can be produced by CVD 
process. In place of these vapor-phase growth processes, it is also allowable to employ sol-gel 
process or other processes for the film growth. 

[0025] The oxide transparent electrode layer can be formed so as to cover the entire surface of 
the main surface of the light emitting layer section. Such constitution is advantageous in that 
allowing the oxide transparent electrode layer to function as the current spreading layer, so that 
it is no more necessary to form a thick current spreading layer comprising a compound 
semiconductor as has previously been used, or the thickness thereof, even when it is to be 
formed, can considerably be reduced, which contributes cost reduction through simplifying the 
processes and is fairly beneficial from an industrial viewpoint. On the other hand, the thickness 
of the electrode contact layer need not be so thick provided that it is sufficient for achieving 
ohmic contact. More specifically for the case where a compound semiconductor composes the 
electrode contact layer, it is desirable to ensure a thickness which is not causative of shifting of 
the band gap energy from that of the bulk crystal after thinning, where a thickness of 
0.001 .mu.m or above will be sufficient (when In-containing GaAs, such as In.sub.xGa.sub.1-xAs, 
is used). This advantageously shortens the inter-layer distance between the oxide transparent 
electrode layer and the light emitting layer section as compared with that in the conventional 
light-emitting device, and results in a larger reducing effect of the series resistance. It should 
now be noted that an excessively large thickness of the electrode contact layer comprising 
In.sub.xGa.sub.1-xAs undesirably increases light absorption by the electrode contact layer and 
thus lowers the light extraction efficiency, so that the thickness is preferably adjusted to 
0.02 .mu.m or below. 

[0026] The light emitting layer section composed of (Al.sub.xGa.sub.1-x).sub.yIn.sub.1-yP (where 
O.ltoreq.x.ltoreq.1 and O.ltoreq.y.ltoreq.1) or In.sub.xGa.sub.yAl.sub.1-x-yN (where 
O.ltoreq.x.ltoreq.1, O.ltoreq.y.ltoreq.1 and x+y.ltoreq.1) contains AI for most cases and thus raises 
an issue of oxidative degradation, but adopting a constitution in which the oxide transparent 
electrode layer covers the entire surface thereof will be advantageous in that allowing such 
oxide transparent electrode layer to function as a passivation film for the light emitting layer 
section. 

[0027] Although In.sub.xGa.sub.1-xAs is a compound semiconductor possibly having, depending 
on the alloy composition thereof, a little larger difference in lattice constant as compared with 
that of a compound semiconductor composing the light emitting layer section, adverse effect due 
to such lattice mismatching will be suppressed to a relatively small degree if it is formed as a 
thin layer having a thickness of approx. 0.0.01 to 0.02 .mu.m, both ends inclusive. The electrode 
contact layer can thus be formed using this compound semiconductor. 

[0028] When the electrode contact layer is formed using a compound semiconductor layer so as 
to directly contact with the oxide transparent electrode layer, it is preferable to use a compound 
semiconductor having a band gap energy of less than 1.42 eV at the contacting interface with 
the oxide transparent electrode layer in view of forming a desirable ohmic contact therewith, as 
described in the above. Since adverse effect of lattice mismatching can be relieved by the 
thinning as described in the above, it is also allowable to use InP, InAs, GaSb, InSb or alloy 
thereof, besides InGaAs. 

[0029] The light emitting layer section comprising (Al.sub.xGa.sub.l-x).su- b.yIn.sub.1-yP or 
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In.sub.xGa.sub.yAl.sub.1-x-yN can be composed as a double heterostructure which comprises a 
first conductivity type cladding layer, an active layer and a second conductivitytype cladding 
layer stacked in this order, which layers being respectively composed of the above-described 
(Al.sub.xGa.sub.1-x).sub.yIn.sub.1-yP or In.sub.xGayAl.sub.1~x-yN. Energy barrier ascribable to 
difference in band gaps with the cladding layers formed on both sides of the active layer can 
effectively confinie injected holes and electrons within a narrow active layer so as to promote 
recombination thereof, so that an extremely high emission efficiency can be attained. Further 
adjustment of component of the active layer can provide a wide range of light emission, where 
the former covers green to red region (peak emission wavelength falls within a range from 520 to 
670 nm), and the latter covers ultraviolet to red region (peak emission wavelength falls within a 
range from 300 to 700 nm). 

[0030] In the foregoing constitution, the electrode contact layer can be formed between the 
oxide transparent electrode layer and either of the first conductivity type cladding layer and 
second conductivity type cladding layer. For a typical case where only a main surface on one 
side of the light emitting layer section having a double heterostructure is used as a light 
extraction surface/the electrode contact layer is first formed between the cladding layer resides 
on that side and the oxide transparent electrode layer so as to contact with such oxide 
transparent electrode layer, and then the oxide transparent electrode layer can be formed. On 
the other hand, for a typical case where the main surfaces on both sides of the light emitting 
layer section are used as light extraction surfaces, the oxide transparent electrodes can be 
formed respectively for these cladding layers on both sides, and between the oxide transparent 
electrode and the cladding layer, the electrode contact layer can be formed so as to contact 
with such oxide transparent electrode layer. 

[0031] It is also allowable to form an intermediate layer between the electrode contact layer and 
either of the cladding layers facing to the electrode contact layer, which is either of the first 
conductivity type cladding layer and the second conductivity type cladding layer, where the 
intermediate layer has an intermediate band gap energy between those of the electrode contact 
layer and such cladding layers. In order to enhance the carrier confinement efficiency into the 
active layer to thereby raise the internal quantum efficiency, it is necessary for the double 
heterostructured, light emitting layer section to have a barrier height between the cladding layer 
and the active layer raised to a certain level. As shown in a schematic band chart in FIG. 12 
(E.sub.c represents an energy level of the bottom of the conduction band, and E.sub.v represents 
that of the top of the valence band), direct contacting of such cladding layer (AIGalnP layer, for 
example) with the electrode contact layer (InGaAs layer, for example) may sometimes result in 
generation of a relatively high hetero barrier therebetween due to contacting-induced bending of 
the energy band. The barrier height .DELTA.E increases as the band-end discontinuity value 
between the cladding layer and the electrode contact layer increases, which is more likely to 
block carrier motion, in particular motion of holes having a larger effective mass. In a typical case 
using a metal electrode, coverage with such metal electrode over the entire surface of the 
cladding layer will prevent extracting of the light, so that the electrode must be formed only with 
a partial coverage. In this case, some strategy will be necessary to promote outward current 
spreading in the in-plane direction of the electrode in order to improve the light extraction 
efficiency. While many cases using the metal electrode employ an electrode contact layer 
typically composed of GaAs between the light emitting layer section and the metal electrode, it 
is more beneficial for the case where the metal electrode is used that a properly high barrier is 
formed between the electrode contact layer and the light emitting layer section in terms of 
promoting current spreading in the in-plane direction by virtue of carrier blocking effect 
expected from such barrier. However, formation of high barrier consequently results in increase 
in series resistance. 

[0032] In contrast, it is almost unnecessary for the case using the UO electrode layer to 
consider the carrier blocking effect expected from the barrier, since the ITO transparent r 
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electrode per se has a considerably high current spreading property. Still another advantage of 
using the ITO electrode layer is such that the area from which the light can be extracted 
increases to a considerable degree as compared with the case using the metal electrode. 
Inserting now the intermediate layer between the electrode contact layer and the cladding layer 
as shown in FIG. 13, which intermediate layer having an intermediate band gap energy between 
those of the electrode contact layer and such cladding layer, will successfully reduce band-edge 
discontinuity value between the electrode contact layer and the intermediate layer, and between 
the intermediate layer and the cladding layer, which consequently lowers the barrier 
heights .DELTA.E respectively formed therebetween. This eventually reduces the series 
resistance, and makes it possible to achieve a sufficiently high luminous intensity even under a 
low drive voltage. 

[0033] Effect of using the intermediate layer will be eminent in particular when the double 
heterostructured, light emitting layer section is formed using AIGalnP which has a relatively good 
lattice matching with the In-containing GaAs which composes the electrode contact layer. For 
this case, the intermediate layer having an intermediate band gap energy between those of the 
electrode contact layer and the cladding layer is preferably formed while containing at least one 
of AIGaAs layer, GalnP layer and AIGalnP layer (having a composition adjusted so as to suppress 
the band gap energy lower than that of the cladding layer), which is exemplified by such that 
including an AIGaAs layer. The intermediate layer is also applicable to any light emitting layer 
sections other than that described in the above, such as a double heterostructured, light 
emitting layer section typically composed of In.sub.xGa.sub.yAl.sub.1-x-y- . For this case, the 
intermediate layer is preferably such that including an InGaAIN layer (having a composition 
adjusted so as to suppress the band gap energy than that of the cladding layer). 

[0034] Next, the method for manufacturing light-emitting device according to the present 
invention is such that manufacturing a light-remitting device having a light emitting layer section 
which is composed of (Al.sub.xGa.sub.1-x).sub.yIn.sub.1 -yP (where O.ltoreq.x.ltoreq.land 
O.ltoreq.y.ltoreq.1) as having a double heterostructure which comprises a first conductivity type 
cladding layer, an active layer and a second conductivity type cladding layer stacked in this 
order; and having an ITO electrode layer for applying drive voltage for light emission to such light 
emitting layer section provided on either side of the first conductivity type cladding layer and the 
second conductivity type cladding layer; which comprises the steps of: 

[0035] forming a GaAs layer on the light emitting layer section so that occupied areas and 
unoccupied areas for the GaAs layer are arranged in a mixed manner, 

[0036] forming the ITO transparent conductive layer so as to contact with the GaAs layer; and 

[0037] annealing the ITO electrode layer so as to allow In contained therein to diffuse into the 
GaAs layer to thereby convert such GaAs layer into an In-containing electrode contact layer. 

[0038] In the method for manufacturing light-emitting device of the present invention, a GaAs 
layer is formed on the light emitting layer section which is composed of AIGalnP, and an ITO 
electrode layer is formed so as to contact with the GaAs layer. The light emitting layer section is 
typically composed of a III— V group compound semiconductor, and can typically be formed by 
known MOVPE process together with the GaAs layer formed thereon (where interposition of any 
other lattice-matched layer permissible). The GaAs layer can very easily establish lattice 
matching with the AIGalnP light emitting layer section, and can be formed with better uniformity 
and continuity as compared with those of an InGaAs layer directly formed thereon by the 
epitaxial growth process. 

[0039] The ITO electrode layer is formed on the GaAs layer, and is then annealed so as to 
diffuse In from the ITO electrode layer towards the GaAs layer to thereby convert it into the 
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electrode contact layer. Thus annealed electrode contact layer which is composed of In- 
containing GaAs will never have an excessive In content, and can effectively prevent quality 
degradation such as lowered luminous intensity. Since the lattice matching between the GaAs 
layer and the light emitting layer section will be especially desirable when the light emitting layer 
section is composed of (Al.sub.xGa.sub.1-x).sub.yIn.sub.1-yP (where O.ltoreq.x.ltoreq.1 and 
0.45.ltoreq.y.ltoreq.0.55), so that it is preferable to form the light emitting layer section (cladding 
layer or active layer) while setting the alloy composition V within the above range. 

[0040] The foregoing annealing is preferably carried out so that the electrode contact layer will 
have a distribution of the In concentration along the thickness-wise direction thereof such that 
continuously decreasing as the distance from the ITO electrode layer increases (that is, creating 
an In concentration gradient) as shown by line {circle over (1)} in FIG. 16. Such constitution is 
attainable by allowing under annealing In to spread from the ITO side to the electrode contact 
layer side. 

[0041] In the light-emitting device of the present invention in this case, the light emitting layer 
section is composed of (Al.sub.xGa.sub.l-x).sub - yIn.sub.1-yP (where O.ltoreq.x.ltoreq.1 and 
O.ltoreq.y.ltoreq.1) as having a double heterostructure which comprises the first conductivity 
type cladding layer, the active layer and the second conductivity type cladding layer stacked in 
this order, an ITO electrode layer as the oxide transparent electrode for applying drive voltage 
for light emission to the light emitting layer section is provided on either side of the first 
conductivity type cladding layer and the second conductivity type cladding layer so that the light 
from the light emitting layer section can be extracted through such ITO electrode layer, the 
electrode contact layer composed of In-containing GaAs is formed so as to contact with such 
ITO electrode layer, and the electrode contact layer has a distribution of the In concentration 
along the thickness-wise direction thereof such that continuously decreasing as the distance 
from the ITO electrode layer increases. This means that, on the side closer to the light emitting 
layer section which is composed of AIGalnP, the electrode contact layer has a lower In 
concentration, in other words, that difference in the lattice constant with that of the light 
emitting layer section decreases. Formation of the electrode contact layer having such In 
concentration distribution is beneficial in that further improving lattice matching with the light 
emitting layer section. Excessively high annealing temperature or excessively long annealing time 
will result in excessive In diffusion from the ITO electrode layer, which makes the In 
concentration distribution almost constant over the thickness range of the electrode contact 
layer as indicated by line {circle over (3)} in FIG. 16, and fails in obtaining the above-described 
effect (conversely, excessively low annealing temperature or excessively short annealing time 
will result in shortage of the In concentration in the electrode contact layer as indicated by line 
{circle over (2)} in FIG. 1 6). 

[0042] Assuming now in FIG. 1 6 that C.sub.A is the In concentration in the vicinity of the 
interface with the ITO electrode layer, and C.sub.B is the In concentration in the vicinity of the 
interface opposite thereto, a value of C.sub.B/C.sub.A is preferably adjusted to 0.8 or below, and 
it is preferable to carry out the foregoing annealing so as to obtain such form of In concentration 
distribution. A value of C.sub.B/C.sub.A exceeding 0.8 will result in only an insufficient improving 
effect of lattice matching with the light emitting layer section based on In concentration gradient. 
Compositional depth profile (In or Ga concentration distribution) of the electrode contact layer 
can be measured by known surface analytical technique such as secondary ion mass 
spectroscopy (SIMS), Auger electron spectroscopy (AES) and X-ray photoelectron spectroscopy 
(XPS), while gradually etching the layer in the depth-wise direction. 

[0043] The electrode contact layer preferably has an In concentration in the vicinity of the 
interface with the ITO electrode layer, as being expressed by an atomic ratio of the In 
concentration to the total concentration of In and Ga, of 0.1 to 0.6, and it is preferable to carry 
out the foregoing annealing so as to obtain such In concentration. The In concentration 
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according to the above definition less than 0.1 will result in only an insufficient effect of reducing 
contact resistance of the electrode contact layer, and that exceeding 0.6 will result in serious 
deterioration such as lowered luminous intensity due to lattice mismatching between the 
electrode contact layer and the light emitting layer section. It is to be noted that as far as the 
electrode contact layer can keep the In concentration C.sub.A in the vicinity of the interface 
with the ITO electrode layer typically within the above preferable range (0.1 to 0.6) as being 
expressed by an atomic ratio of the In concentration to the total concentration of In and Ga, 
there will be no problem if the In concentration C.sub.B in the vicinity of the interface opposite 
to that facing to the ITO electrode layer has a value of zero, which is typified by a constitution in 
which the electrode contact layer has an InGaAs layer formed on the ITO electrode layer side, 
and has a GaAs layer formed on the opposite side. 

[0044] ITO refers to indium oxide doped with tin oxide as described in the above. Formation of 
the ITO electrode layer on the GaAs layer, and annealing thereof within a proper temperature 
range readily provides the electrode contact layer having an In concentration within the 
foregoing preferable range. The annealing is also beneficial in further reducing the electrical 
resistivity of the ITO electrode layer. The annealing is preferably carried out within a range from 
600.degree. C. to 750.degree. C. The annealing temperature exceeding 750.degree. C. tends to 
excessively accelerate the In diffusion into the GaAs layer, which often makes the In 
concentration in the electrode contact layer excessive. It is also anticipated that this makes it 
difficult to obtain the In concentration gradient such that being inclined along the thickness-wise 
direction of the electrode contact layer due to saturation of the In concentration. Both 
situations degrade the lattice matching between the electrode contact layer and the light 
emitting layer section. An excessive diffusion of In into the GaAs layer inevitably raises electrical 
resistivity of the electrode since In in the ITO electrode layer is exhausted around the contact 
area with the electrode contact layer. Still another problem of excessively high annealing 
temperature is that series resistance of the device is more likely to increase, which is ascribable 
to promoted oxidation of GaAs layer by oxygen spreaded from ITO. Both situations result in 
malfunction such that the light-emitting device cannot be driven at a proper voltage. An 
extremely high annealing temperature can even worsen the electrical resistivity of the ITO 
electrode layer. On the contrary, the annealing temperature lower than 600.degree. C. will 
excessively reduce the diffusion rate of In into the GaAs layer, so that a longer time will be 
necessary to sufficiently lower the contact resistance of the electrode contact layer, which 
considerably ruin production efficiency. 

[0045] The annealing time is preferably set within a range from 5 to 120 seconds. The annealing 
time longer than 120 seconds will tends to excessively raise the amount of In diffusion into the 
GaAs layer in particular for the case where the annealing temperature is set close to the upper 
limit. It is, however, allowable to set the annealing time longer than 120 seconds (typically to as 
long as approx. 300 seconds) when the annealing temperature is set relatively low. On the other 
hand, the annealing time shorter than 5 seconds will make it difficult to obtain the electrode 
contact layer having a sufficiently low contact resistance due to shortage in the amount of In 
diffusion into the GaAs layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] FIG. 1 is a schematic drawing of a stacked structure of an exemplary light-emitting 
device according to the present invention; 

[0047] FIG. 2A shows a schematic drawing of one exemplary formation pattern of the electrode 
contact layer of the light-emitting device shown in FIG. 1 ; 

[0048] FIG. 2B shows a schematic drawing of another exemplary formation pattern of the 
electrode contact layer of the light-emitting device shown in FIG. 1 ; 
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[0049] FIG. 2C shows a schematic drawing of another exemplary formation pattern of the 
electrode contact layer of the light-emitting device shown in FIG. 1; 

[0050] FIG. 3A shows a schematic drawing of manufacturing process of the light-emitting device 
shown in FIG. 1; 

[0051] FIG. 3B shows a schematic drawing as continued from FIG. 3A; 

[0052] FIG. 3C shows schematic drawing as continued from FIG. 3B; 

[0053] FIG. 3D shows schematic drawing as continued from FIG. 3C; 

[0054] FIG. 3E shows schematic drawing as continued from FIG. 3D; 

[0055] FIG. 3F shows schematic drawing as continued from FIG. 3E; 

[0056] FIG. 4 shows schematic drawings as continued from FIG. 3A to FIG. 3F; 

[0057] FIG. 5 shows schematic drawings for explaining a patterning method for the electrode 
contact layer based on photo-lithography; 

[0058] FIG. 6 is a schematic drawing of a status where an ITO electrode layer 8 is formed on the 
patterned electrode contact layer; 

[0059] FIG. 7 is a schematic drawing of a first modified example of the light-emitting device 
shown in FIG. 1; 

[0060] FIG. 8 is a schematic drawing of a second modified example of the light-emitting device 
shown in FIG. 1; 

[0061] FIG. 9 is a schematic drawing of a third modified example of the light-emitting device 
shown in FIG. 1; 

[0062] FIG. 10 is a schematic drawing of a fourth modified example of the light-emitting device 
shown in FIG. 1; 

[0063] FIG. 1 1 is a schematic drawing of a fifth modified example of the light-emitting device 
shown in FIG. 1; 

[0064] FIG. 12 is a first example of a band structure of the electrode contact layer; 

[0065] FIG. 13 is a second example of a band structure of the electrode contact layer; 

[0066] FIG. 14 is a schematic drawing of a production process by which In in the ITO transparent 
electrode is spreaded into the GaAs layer to produce the electrode contact layer; 

[0067] FIG. 15 is a schematic drawing as continued from FIG. 14; 

[0068] FIG. 16 is a schematic drawing showing an exemplary In concentration distribution in the 
electrode contact layer produced by the process shown in FIGS. 14 and 15 together with 
comparative examples; and 

[0069] FIG. 1 7 is a schematic drawing of another example of In concentration distribution in the 
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electrode contact layer. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0070] Embodiments for carrying out the present invention will be explained below referring to 
the attached drawings. 

[0071] (First Embodiment) 

[0072] FIG. 1 is a schematic drawing showing a principal portion of a light-emitting device 100 
according to one embodiment of the present invention. The light-emitting device 100 has an n- 
type GaAs single crystal substrate (simply referred to as a substrate, hereinafter) 1 and has 
formed on a first main surface thereof a light emitting layer section 24 while placing an n-type 
GaAs buffer layer 2 in between. On a first main surface side of the light emitting layer section 
24, an InGaAs layer 7 as an electrode contact layer and an ITO electrode layer 8 as an oxide 
transparent electrode layer are formed in this order, and approximately at the center of the ITO 
electrode layer 8 there is provided a bonding pad 1 6 which is made of Au or the like so as to 
allow bonding of an electrode wire. On the other hand, a second main surface side of the 
substrate 1 has formed on the entire surface thereof a back-side electrode layer 15 which is 
made of a metal such as an Au — Ge— Ni alloy and also functions as a reflective layer. 

[0073] The ITO electrode layer 8 herein is formed so as to cover the entire portion of the main 
surface of the light emitting layer section 24. On the other hand, the InGaAs layer 7 as the 
electrode contact layer is not formed in a first zone which falls just under the bonding pad 16 
and extracts only a less amount of light, but is formed in a second zone therearound which 
extracts a larger amount of light. Further in the second zone, occupied areas and unoccupied 
areas for the InGaAs layer 7 are arranged in a mixed manner. The ITO electrode layer 8 and the 
light emitting layer section 24 are thus brought into a direct contact in the unoccupied areas for 
the InGaAs layer 7. 

[0074] As shown in FIG. 2A to FIG. 2C, the occupied areas for the InGaAs layer 7 are formed in 
a discrete manner on the contacting interface of the ITO electrode layer 8, which successfully 
homogenizes the light emission from the light emitting layer section 24, and ensures uniform 
extraction of the light through the unoccupied areas for the InGaAs layer 7. FIG. 2A shows the 
occupied areas for the InGaAs layer 7 formed in a scattered dot pattern, and FIG. 2B shows the 
occupied and unoccupied areas, both having a thin stripe form, arranged in an alternative 
manner. FIG. 2C shows the unoccupied areas for the InGaAs layer 7 formed in a scattered dot 
pattern on the background of the occupied area, contrary to FIG. 2A, where the occupied areas 
for the InGaAs layer 7 are formed in a lattice pattern. 

[0075] The light emitting layer section 24 has a double hetero structure which comprises a first 
conductivity type cladding layer 6, a second conductivity type cladding layer 4, and an active 
layer 5 positioned in between, where all of the layers comprises (Al.sub.xGa.sub.l-x).sub.yln.s- 
ub.1-yP alloy. More specifically, the structure is such that having the active layer 5 composed of 

a non-doped (Al.sub.xGa.sub.1-x).sub.yIn.sub.1 yP alloy (where O.ltoreq.x.ltoreq.0.55 and 

0.45.ltoreq.y.ltoreq.0.55) placed between the p-type (Al.sub.xGa.sub.1-x).sub.yIn.sub.1-yP 
cladding layer 6 and the n-type (Al.sub.xGa.sub.1-x).sub.yIn.sub.1-yP cladding layer 4. The light- 
emitting device 100 shown in FIG. 1 has the p-type AIGalnP cladding layer 6 on the ITO 
electrode 8 side, and has the n-type AIGalnP cladding layer 4 on the back-side electrode layer 
15 side. Thus the device has a positive conduction polarity on the ITO electrode layer 8 side. 
While being obvious to those skilled in the art, "non-doped" described herein means that 
"dopant is not intentionally added", and will never exclude containment of dopant component 
which can inevitably be included during noral manufacturing processes (typically 10.sup.13 to 
10.sup.16/cm.sup.3 or around at most). 
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[0076] Thickness of the individual layers in the light-emitting device 100 shown in FIG. 1 are 
exemplified as follows. 

[0077] InGaAs layer 7: thickness=approx. 0.005 .mu.m 

[0078] ITO electrode layer 8: thickness=0.2 .mu.m, tin oxide content=7 wt % (residual portion 
comprises indium oxide) 

[0079] p-type AIGalnP cladding layer 6: thickness=1 .mu.m 
[0080] AIGalnP active layer 5: thickness=0.6 .mu.m 
[0081] n-type AIGalnP cladding layer 4: thickness=1 .mu.m 

[0082] Next paragraphs will describe a method for manufacturing the light-emitting device 100 
shown in FIG. 1. 

[0083] First as shown in FIG. 1, on the first main surface 1a of the GaAs single crystal substrate 
1 which is a compound semiconductor substrate ensuring lattice matching with AIGalnP alloy, 
the n-type GaAs buffer layer 2 typically having a thickness of 0.5 .mu.m is grown, and thereon 
the light emitting layer section 24 is formed by stacking the n-type AIGalnP cladding layer 4 of 
1 .mu.m thick, the (non-doped) AIGalnP active layer 5 of 0.6 .mu.m thick, and the p-type AIGalnP 
cladding layer 6 of 1 .mu.m thick, and further on such p-type AIGalnP cladding layer 6 an InGaAs 
layer T (FIG. 3A) of 0.005 .mu.m thick is formed by epitaxial growth, to thereby obtain a 
structure shown in FIG. 3A. Epitaxial growth of the individual layers can be carried out by known 
metal-organic vapor phase epitaxy (MOVPE) process. 

[0084] Next as shown in FIGS. 3B and 3C, the InGaAs layer T is patterned by known photo- 
lithographic technique for every area to be processed into a light-emitting device chip, to 
thereby obtain either arrangement pattern of the occupied and unoccupied areas for the InGaAs 
layer 7 previously shown in FIG. 2A to FIG. 2C. More specifically, as shown in FIG. 3B, a 
photoresist layer 30 is formed on the InGaAs layer 7\ and the substrate 1 is then fixed on a 
glass substrate using wax or the like. The photoresist layer 30 is then subjected to light 
exposure through a photo-mask and to development, to thereby transfer a mask pattern onto 
the photoresist layer 30 so as to selectively expose the InGaAs layer T in the unoccupied area 
for the InGaAs layer 7 as shown in (a) of FIG. 5. The InGaAs layer T is then etched selectively in 
the exposed portion, and the photoresist layer 30 is removed to thereby obtain the patterned 
InGaAs layer 7 as shown in (b) of FIG. 5. 

[0085] Next as shown FIG. 3D and FIG. 6, the ITO electrode layer 8 is formed typically in a 
thickness of 0.2 .mu.m or around respectively on the main surfaces of both of the p-type 
AIGalnP cladding layer 6 and InGaAs layer 7 by known RF sputtering process (typical target 
composition: In.sub.2O.sub.3=90.2 wt %, Sn0.sub.2=9.8 wt %. RF frequency=13.56 MHz, Ar 
pressure=0.6 Pa, sputtering power=30 W). Resistivity of the ITO electrode layer 8 can be 
reduced approximately by one order by annealing thereof in a nitrogen atmosphere at 300 to 
500.degree. C. after the film formation. 

[0086] Further as shown in FIG. 3E, the back-side electrode layer is formed on the second main 
surface of the substrate 1 by vacuum evaporation process, and a bonding pad 16 is placed in 
each area corresponded to the individual light-emitting device chips on the ITO electrode layer 8 
on the first main surface side. Baking for fixing the electrode at a proper temperature gives a 
light-emitting device wafer 50 as shown in FIG. 3F. The light-emitting device wafer 50 is then 
diced to a half depth in preparation for dividing the individual light-emitting device chip areas as 
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shown in (a) of FIG. 4, mesa-etched on the dicing planes thereof in order to remove process 
distortion remaining therein as shown in (b) of FIG. 4, and then scribed so as to produce 
separated light-emitting device chips 51 as shown in (c) of FIG. 4. The back-side electrode layer 
15 (see FIG. 3E and FIG. 3F) is then bonded to a terminal electrode 9a using a conductive paste 
such as Ag paste as shown in (d) of FIG. 4 t the bonding pad 16 is bonded to another terminal 
electrode 9b in a form of being bridged by an Au wire 47, and a resin mold 52 is formed as shown 
in (e) of FIG. 4 to thereby obtain the light-emitting device. 

[0087] According to the foregoing constitution of the light-emitting device, contact resistance of 
the ITO electrode layer 8 can be reduced by virtue of the InGaAs layer 7, which desirably raises 
current density in the light emitting layer section 24 and can ensure a light-emitting device with 
a high luminance. The mixed arrangement of the occupied and unoccupied areas for the InGaAs 
layer 7 in the second zone extracting a larger amount of light allows the light from the light 
emitting layer section 24 to be emitted in two ways, one of which relates to a route through the 
InGaAs layer 7, and the other relates to a route bypassing the InGaAs layer 7 in the unoccupied 
areas. Of these, the latter route can improve the light extraction efficiency since the light 
absorption which possibly occurs during passing through the InGaAs layer 7 will never occur. 

[0088] On the other hand, since the bonding pad 16 blocks most part of the light from the light 
emitting layer section 24, it is advantageous in view of raising the light extraction efficiency that 
electric current is not concentrated within an area of the light emitting layer section 24 just 
under the bonding pad 16, or in other words, the first area extracting only a less amount of light, 
and conversely that a larger as possible portion of the electric current is shared to the second 
zone around the bonding pad 16, which zone possibly extracts a larger amount of light. Then by 
intentionally excluding the InGaAs layer 7 from the area just under the bonding pad 16, the light- 
emitting device 100 shown in FIG. 1 successfully raises contact resistance of the ITO electrode 
layer 8 in such area and allows a lesser amount of current to pass therethrough. This allows the 
current, which is applied through the ITO electrode layer 8 to the light emitting layer section 24,. 
to predominantly be shared to the second zone which can extract a larger amount of light, after 
being bypassed the first zone which can extract only a lesser amount of light, to thereby raise 
the light extraction efficiency. 

[0089] Another advantage resides in that the entire surface of the p-type AIGalnP cladding layer 
6 is covered with the ITO electrode layer 8 through which the drive voltage is applied. Since the 
drive current caused by the drive voltage uniformly spreads throughout the entire surface of the 
ITO electrode layer 8 having an excellent conductivity, so that uniform light emission can be 
achieved over the entire plane for extracting light, and the light extraction efficiency can be 
improved by virtue of the transparency of the ITO electrode layer 8. The ITO electrode layer 8 is 
also advantageous in that ensuring ohmic contact with the InGaAs layer 7 having a relatively 
narrow band gap, which desirably suppresses series resistance at the contact portion and raises 
the emission efficiency to a large extent. 

[0090] Still another advantage resides in that there will be no more need to provide a thick 
current spreading layer such that being employed in the conventional light-emitting device, which 
considerably shortens the distance between the ITO electrode layer (oxide transparent electrode 
layer) and emission plane, and as a result, the series resistance can be reduced. The emission 
plane herein is defined as described in the next. For the first case where the light emitting layer 
section 24 has a double heterostructure as described in the above, the emission plane is defined 
by a interface between the cladding layer and the active layer more closer to the oxide 
transparent electrode layer (ITO electrode layer 8), which refers to a interface between the p- 
type cladding layer 6 and active layer 5 as viewed from the ITO electrode layer 8. On the other 
hand, the present invention is not limited to those having a light emitting layer section with the 
foregoing double heterostructure, but is applicable to those having a light emitting layer section 
with a single heterostructure, and in the latter case the emission plane is defined by such hetero 
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junction interface. By employing the present invention, the distance from the interface between 
the oxide transparent electrode layer and the electrode contact layer to the emission plane can 
typically be reduced to as small as 3 .mu.m or below. 

[0091] It is to be noted that the InGaAs layer 7 as the electrode contact layer can be formed so 
as to have a conductivity type same with that of the adjacent cladding layer 6 by adding a proper 
dopant, but it is also allowable to form the InGaAs layer 7 as a low-doped layer having a low 
dopant concentration (typically 10.sup.17 atoms/cm:sup.3 or less) or as a non-doped layer 
(10.sup.13 atoms/cm. sup.3 to 10.sup.16 atoms/cm. sup. 3) when the InGaAs layer 7 is provided as 
a thin layer as described in the above, which raises no problem since the series resistance will 
not excessively increase. Employment of the low-doped layer will successfully result in an effect 
below depending on drive voltage for the light-emitting device. That is, employment of the low- 
doped layer for the electrode contact layer increases the electric resistivity per se of such layer, 
which elevates electric field (i.e., voltage per unit distance) to be applied to the electrode 
contact layer in the thickness-wise direction thereof relative to that applied to the cladding layer 
or the ITO layer adjacent thereto and having low electric resistivity. If the electrode contact 
layer is composed of InGaAs whose band gap is relatively small, the band structure of the 
electrode contact layer properly bends as being affected by the electric field, which results in 
better ohmic contact. 

[0092] While FIG. 1 showed an exemplary case where the InGaAs layer 7 is excluded from the 
first zone (area just under the bonding pad 16) which extracts a less amount of light, it is also 
allowable to form the InGaAs layer 7 also in the first zone as shown in FIG. 7 provided that the 
current will not concentrate too excessively in the just-under area. In this case, it is desirable 
enough that a ratio of occupied area in which the InGaAs layer 7 is formed is smaller in the first 
zone which extracts a less amount of light than in the second zone which extracts a larger 
amount of light. 

[0093] In the cases where light absorption by the electrode contact layer is of no significance, 
which cases being such that the thickness of the InGaAs layer 7 can be extremely reduced, or 
such that an electrode contact layer comprising a material other than InGaAs and showing only a 
small light absorption is available, it is also allowable to cover the entire surface of the second 
zone extracting a larger amount of light with such electrode contact layer (InGaAs layer 7 in the 
drawing) as shown in FIG. 8. It is still also allowable as shown in FIG. 9 to provide the occupied 
areas of the InGaAs layer 7 as being scattered over the entire surface of the ITO electrode layer 
8 when the bonding pad can be omitted by modifying shape of a supply terminal 60 which is 
brought into contact with the ITO electrode layer, or when shielding of the light by the bonding 
pad 16 is negligible. 

[0094] While the light-emitting device 100 shown in FIG. 1 has the light emitting layer section 24 
having a double heterostructure in which the individual layers are composed of AIGalnP alloy, it 
is also allowable to compose the individual layers (p-type cladding layer, active layer and n-type 
cladding layer) in the light emitting layer section having a double heterostructure with AIGalnN 
alloy, which provides a wide-gap-type, light-emitting device for emitting blue light or ultraviolet 
radiation. The light emitting layer section can be formed by MOVPE process similarly to the case 
of light-emitting device 100 shown in FIG. 1. While the active layer has a single-layered structure 
in the above example, it is also allowable to compose it with a stack which comprises a plurality 
of compound semiconductor layers differing in the band gap energy with each other, which stack 
is specifically exemplified by such that having a quantum well structure. 

[0095] For the case where the InGaAs layer and AIGalnP layers are directly contacted, there will 
be some possible cases in which somewhat high hetero barrier appears at the junction interface, 
which undesirably increases series resistance component. For the purpose of reducing such 
component, it is preferable to insert an intermediate layer 1 1 between the electrode contact 
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layer 7 which comes into contact with the ITO electrode layer 8 and the AIGalnP cladding layer 

6 as shown in FIG. 10, where the intermediate layer 11 has an intermediate band gap energy 
between those of the electrode contact layer 7 and such cladding layer 6. The intermediate layer 
1 1 can be composed of a layer containing at least any one of AIGaAs, GalnP and AIGalnP layers, 
where the entire portion of the intermediate layer 11 can typically be composed of an AIGaAs 
layer alone. Since any layers for composing the intermediate layer 1 1 can be formed as thin as 
0.1 .mu.m or below (but 0.01 .mu.m or above, because the thickness smaller than 0.01 .mu.m will 
ruin the bulk band structure, and a desired junction structure cannot be obtained), the 
employment of such constitution can still ensure shortening of epitaxial growth time by virtue of 
the thinning, improvement in the productivity as a consequence, and can also ensure less 
increment in the series resistance caused by the formation of the intermediate layer, which is 
unlikely to ruin the emission efficiency. In the present invention, the electrode contact layer 7 is 
formed only so as to correspond with a part of the ITO electrode layer 8 formed on the light 
extracting plane side, so that current density during current supply for light emission tends to 
selectively increase in the occupied areas for the electrode contact layer 7. The hetero barrier 
formed undesirably high between the electrode contact layer 7 and AIGalnP cladding layer 6 will 
cause more serious voltage drop due to current concentration when carriers pass through the 
junction interface between the electrode contact layer 7 and AIGalnP cladding layer 6, which 
results in further increase in the apparent series resistance. It is thus concluded that lowering of 
the hetero barrier height by forming the intermediate layer 1 1 is more beneficial than the case 
where the electrode contact layer 7 is formed on the entire surface of the ITO electrode layer 8. 

[0096] It is to be noteworthy that the intermediate layer 1 1 can be formed so as to cover the 
entire surface of the light emitting layer section 24 as shown in FIG. 10, when it is less causative 
of adverse effect on the light absorption, which is typified by a case where the intermediate 
layer 1 1 has an extra-small thickness. Such constitution allows only the electrode contact layer 

7 to be patterned, which facilitates the production process even when etchant used in chemical 
etching of the electrode contact layer 7 cannot effectively etch the intermediate layer 11. On 
the other hand, it is also allowable to form the intermediate layer 1 1 only in the occupied area 
for the electrode contact layer 7 as shown in FIG. 1 1, which further reduces effect of light 
absorption by the intermediate layer 1 1. A possible manufacturing process for this case is such 
that forming the electrode contact layer 7 and intermediate layer 11 so as to cover the entire 
surface of the light emitting layer section 24, and patterning these layers by photo-lithographic 
technique as described in the above. In the patterning, the electrode contact layer 7 and 
intermediate layer 1 1 maybe etched concomitantly by gas-phase etching, or may be etched 
serially while changing the etchants by chemical etching. In some cases where the electrode 
contact layer 7 is patterned by chemical etching, the intermediate layer 1 1 may be used as a 
stopper layer for preventing the light emitting layer section 24 from being corroded. In an 
exemplary case where the electrode contact layer 7 is composed of In-containing GaAs and the 
intermediate layer 1 1 of AIGaAs, using ammonia/hydrogen peroxide as an etchant successfully 
allows selective etching of the electrode contact layer 7 only, while making use of the 
intermediate layer 1 1 as the stopper layer. 

[0097] (Second Embodiment) 

[0098] While the electrode contact layer described above in the First Embodiment was the 
InGaAs layer formed by MOVPE process, the electrode contact layer can be formed also by the 
following process. Referring now to (b) of FIG. 5, a GaAs layer 7" is formed in place of the 
InGaAs layer 7 while being similarly patterned, then the ITO electrode layer 8 is formed similarly 
to that shown in FIG. 6, to thereby obtain a stacked wafer 13 as shown in FIG. 14. 

[0099] Then as shown in FIG. 15, the stacked wafer 13 is placed in a furnace F, and then 
annealed in a nitrogen atmosphere or an inert gas atmosphere such as Ar at a low temperature 
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ranging from 600 to 750.degree. C. (typically 700.degree. C.) for a short period ranging from 5 to 
120 seconds (typically 30 seconds). This process allows In to diffuse from the ITO electrode 
layer 8 to the GaAs layer 7" to thereby form the electrode contact layer 7 composed of In- 
containing GaAs. The electrode contact layer 7 has an In concentration as indicated by line 
{circle over (1)} in FIG. 16, where the In concentration in the vicinity of the interface with the 
UO electrode layer 8 is 0.1 to 0.6 when expressed by an atomic ratio of the In concentration to 
the total concentration of In and Ga. Another feature of the In concentration is that it 
continuously decreases as the distance from the ITO electrode layer increases along the 
thickness-wise direction, and that it is adjusted to have a value of C.sub.B/C.sub.A of 0.8 or 
below, while assuming C.sub.A as the In concentration in the vicinity of the interface with the 
ITO electrode layer 8 (FIG. 1), and C.sub.B as the In concentration in the vicinity of the interface 
opposite thereto (that is, in the vicinity of the interface with the cladding layer 6, see FIG. 1). 
The thickness t of the electrode contact layer 7 is 0.01 to 0.02 .mu.m, and more preferably 0.005 
to 0.01 .mu.m. 

[0100] Since the electrode contact layer 7 is obtained by first forming the GaAs layer 7" which 
has a good lattice matching with the light emitting layer portion 24 composed of AIGalnP, forming 
the ITO electrode layer, and then annealing it at a relatively low temperature for a short period, 
so that the In content thereof will never be excessive, but will be uniform and excellently 
continuous. This successfully prevents the quality degradation such as lowered luminous 
intensity due to lattice mismatching with the light emitting layer section 24. 

[0101] While the electrode contact layer 7 can be formed by being added with an appropriate 
dopant so as to have the same conductivity type with the cladding layers 6, 4 contact thereto, a 
low-doped layer having a low dopant concentration (typically 10.sup.17/cm.sup.3 or below, or 
non-doped layer having a dopant concentration of 10.sup.1 3/cm.sup.3 to 10.sup.1 6/cm.sup.3), 
which will never result in increase in the series resistance, can be formed as the electrode 
contact layer 7 without any problems when it is formed as thin as described in the above. The 
low-doped layer is also beneficial in that ensuring the following effects depending on drive 
voltage of the light-emitting device. That is, the electrode contact layer 7 per se will have a high 
electrical resistivity due to a low dopant concentration, and thus will have an electric field 
applied thereto in the thickness-wise direction thereof (i.e., voltage per unit distance) relatively 
higher than that applied to the low-resistivity cladding layer or the ITO electrode layer 8 directly 
adjacent to such electrode contact layer 7. Forming now the electrode contact layer 7 with In- 
containing GaAs having a relatively small band gap will produce proper bend in the band 
structure of the electrode contact layer upon application of the electric field, which successfully 
forms still better ohmic contact. This effect will further be enhanced since the In concentration 
of the electrode contact layer 7 is raised on the contact side with the ITO electrode layer 8 as 
shown in FIG. 16. It is allowable also in this embodiment to form the intermediate layer 11 in an 
absolutely similar manner with the first embodiment. 
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